Purpose: Atrial fibrillation (AF) may first present as an ischemic stroke. Pulse palpation is a potential screening method for asymptomatic AF. We aimed to assess the reliability of pulse palpation by the elderly in detecting AF. Materials and methods: After brief information and training session conducted by a nurse, 173 subjects aged 75 years were instructed to palpate their pulse regularly for a month. After this, their ability to distinguish sinus rhythm (SR), SR with premature ventricular contractions (PVC) and AF by pulse palpation was assessed using an anatomic human arm model programmable with various rhythms. A control group of 57 healthcare professionals received the same information but not the training. Subjects unable to find the pulse were excluded (25 (14.5%) of the elderly and none in the healthcare group). Results: The median age of the elderly subjects was 78.4 [3.9] years and 98 (56.6%) were women. There were no differences between the elderly and healthcare groups in detecting SR (97.3% vs. 96.5%) or SR with PVCs (74.3% vs. 71.4%), but the elderly subjects identified slow (81.8% vs. 56.1%) and fast AF (91.9% vs. 80.7%) significantly better than the healthcare group. The ability to recognize SR with PVCs by the elderly was independently predicted by previous pulse palpation experience, secondary or higher level of education and one-point increase in MMSE score, while identifying the other rhythms had no predictors. Conclusions: The elderly can learn to reliably distinguish a normal rhythm after education. Pulse self-palpation may be a useful low-cost method to screen for asymptomatic AF.
Introduction
Atrial fibrillation (AF) is a significant risk factor of thromboembolism and ischemic stroke [1] , and it is known that 15-25% of all ischemic strokes are associated with AF [2, 3] . However, with effective oral anticoagulation therapy, 2/3 of all ischemic strokes associated with AF may be avoided [4] .
AF is asymptomatic or 'silent' in 10-40% of the cases [5] , delaying the implementation of protective anticoagulant medication in a significant proportion of patients suffering from the condition. Consequently, stroke is too often the first manifestation of the arrhythmia [6] . Early detection is of the utmost importance to avoid unnecessary strokes, and consequently inexpensive and widely practicable screening measures are direly needed.
AF may be distinguished by pulse irregularity, and pulse palpation is a potential screening method for silent AF. The screening approach promoted by the European Society of Cardiology in their 2012 focused update of their guidelines to manage AF is opportunistic pulse palpation by health care personnel in subjects aged at least 65 years followed by ECG recording when irregularity is detected [7] . The purpose of this study was to investigate the ability of elderly subjects themselves to recognize the underlying heart rhythm by pulse palpation.
Materials and methods

Study population and education
In the LietoAF Study, 205 persons aged 75 years or older living in Lieto, a municipality in South-Western Finland, were randomly recruited in 2012 from 300 willing and eligible subjects, who had no history of chronic AF, did not use oral anticoagulants and were not in need of permanent institutional care (http:// www.ClinicalTrials.gov identifier: NCT01721005) [8] .
During the baseline visit of the study, information was recorded on the subjects' medical history, lifestyle factors, social factors and education, and a Mini-Mental State Examination (MMSE) was performed. Afterwards, a single cardiac nurse taught the subjects to assess the rate and regularity of their pulse according to a standardized protocol. First, the subjects received information on the health implications of AF (i.e. risk of thromboembolism and ischemic stroke), its clinical presentation and frequent asymptomatic nature. The potential health benefits of regular pulse palpation were explained (i.e. catching asymptomatic AF and timely implementation of anticoagulation therapy to avoid stroke). Then, the nurse taught the technique of pulse palpation with special focus on assessing heart rate and rhythm regularity. In the third phase, the subjects freely palpated their radial and carotid pulses. In the final phase, the nurse assessed the achieved capability of pulse palpation by having the subjects palpate their pulse at a preferred site and counting out loud in time with their pulse and simultaneously herself palpating the subjects' pulse at another site. The time spent at each phase varied individually as needed, but the maximum time spent on education was 10 minutes.
After the initial education session, the subjects were asked to palpate their own pulse twice-daily and seek immediate medical attention in the case of observed irregularity. They were followed for three years and new AF diagnoses were recorded. The main purpose of the LietoAF Study is to assess the feasibility of selfpalpation of pulse in the screening of AF during a three-year follow-up. The one-month follow-up results have been previously reported elsewhere [8] , and the results of the full follow-up will be reported later.
At the one-month follow-up visit of the on-going LietoAF Study, all subjects were additionally given basic information on the physiology of the heart by the same cardiac nurse. The concepts of sinus rhythm (SR), AF and premature (ventricular) contractions (PVC) were talked through and it was explained that SR features a regular pulse, SR with PVCs features an irregular pulse with underlying regularity and that AF presents as an irregular pulse with no underlying regularity. A maximum of five minutes was spent on this education session. Right afterwards, the ability to discriminate AF, SR and PVCs was assessed in altogether 173 willing subjects.
A control group of 57 was recruited from health care personnel, and they received the same information on pulse palpation by the same cardiac nurse, but they did not have a month of regular pulse palpation practice like the elderly subjects had. The control group was composed of 10 nurses, 17 final year paramedic students, 15 final year nursing students and 15 paramedic students with one full year of studies left. The final year nursing and paramedic students had 6-12 months of full-time clinical experience while the other paramedic students had good theoretical knowledge of the matter due to their studies but limited clinical experience. The nurses had a varying amount of years of clinical experience, but this was not recorded in detail.
Study protocol
An anatomic model of a human arm programmable with various rhythms and rates and with three locations for pulse palpation (the radial, cubital and axillary arteries) was used for the measurements (SimPad BloodPressure Trainer; manufacturer: Laerdal (Figure 1) ). The subjects were alone with the nurse in a separate closed examination room for the duration of the testing to avoid interference from other participants or outside people. The subjects were told that the pulse palpation arm would be programmed to present one of the three possible rhythms (SR, SR with PVCs or AF) with different ventricular rates one after another. To avoid guesswork on the subjects' part, the subjects were told that the number of rhythms presented would vary by number, order and ventricular rate between subjects. However, all subjects were actually presented with four rhythms (SR (rate 60), slow AF (rate 60), fast AF (rate 120) and SR with PVCs (rate 80)) in the following order: SR, fast AF, slow AF, SR and SR with PVCs. SR was presented twice to further control the possibility of guessing.
First, it was assessed whether the subjects were able to locate the pulse at any of the possible sites while the programmed rhythm was SR with a ventricular rate of 60. From this point forward, the subjects continued to palpate the pulse without interruptions, except to find the pulse again if needed, until the end of testing. Before commencing the experiment, the subjects were told to verbally notify the study nurse every time they thought the rhythm had changed. Then, the study nurse would ask the subjects whether the rhythm was regular or irregular and whether the rhythm was SR, SR with PVCs or AF, and she would record their answers. After this, the subjects were presented with the different rhythms as described above. A maximum time of 120 seconds was given to identify each rhythm, which the subjects were not aware of. When the subjects had reported that the rhythm had changed and assessed which of the three possibilities in their opinion it was, the current rhythm was maintained for a random length of time before moving on to the next one. The time point of the next change of rhythm was programmed each time right after the subjects had determined the current rhythm so that they could not identify from the actions of the study nurse when the change would occur.
Study ethics
The study protocol was approved by the Medical Ethics Committee of The Hospital District of Southwest Finland. All patients enrolled in the study provided written informed consent for participation. The study conforms to the Declaration of Helsinki.
Statistical analyses
The statistical analyses were performed with IBM SPSS Statistics software (version 22.0, SPSS, Inc., Chicago, IL). Continuous data are presented as median [interquartile range] and categorical variables as absolute number and percentage. Fisher's exact test was used to compare differences between proportions. Mann-Whitney's U was used for the analysis of continuous variables. For repeated measures, McNemar's test was used. Based on the results of bivariable comparisons, logistic regression analyses were conducted to analyze the independent predictors of correct identification of different rhythms by pulse palpation. Twosided differences were considered significant if the null hypothesis could be rejected at the .05 probability level.
Results
The median age of the subjects in the elderly group was 78.4 [3.9] years and 98 (56.6%) of them were women. The baseline characteristics of the elderly group are presented in Table 1 . Altogether 152 (87.9%) elderly subjects had palpated their pulse daily during the preceding month. Out of all 173 subjects in the elderly group, 148 (85.5%) subjects could correctly identify SR, 124 (71.7%) identified slow AF, 142 (82.1%) identified fast AF and 110 (63.6%) identified SR with PVC. Altogether 25 subjects (14.5%) in the elderly group were unable to find the pulse at least during one of the presented rhythms. The subjects' inability to palpate the pulse in this group had no independent predictors. The subjects in the healthcare group could find the pulse in all instances. The difference between the two groups regarding the ability to find the pulse was statistically significant (p ¼ .001). Subjects unable to find the pulse at least once were excluded from further analyses.
There were no differences between the elderly and healthcare groups in detecting SR or SR with PVCs, but the elderly subjects identified slow and fast AF significantly better than the healthcare personnel. The subjects' ability to determine the correct rhythm by pulse palpation in the elderly and healthcare groups is depicted in Table 2 . Fast AF was correctly identified significantly more often than slow AF in the elderly group (p ¼ .003). In the elderly group, the ability to correctly recognize SR with PVC was independently predicted by previous experience of pulse palpation, secondary or higher level of education and one-point increase in MMSE score, while the ability to correctly identify SR or fast or slow AF had no independent predictors (Table 3) . SR was presented twice to the subjects to control for the possibility of guessing. The second presented SR was correctly identified by 140 (95.2%) of the elderly subjects and 53 (96.4%) subjects in the healthcare group. In comparison to the first SR presented, there were no differences in correct identification rate in either the elderly group (p ¼ .344) or the healthcare group (p ¼ 1.000). The second presented SR was used only for this part of the analyses, while the SR presented first was used in all other analyses.
Discussion
These results show that pulse palpation by the elderly has a rate-dependent accuracy of 82-92% to detect AF. The accuracy to detect normal SR was excellent at 97%, while considerably fewer subjects, 74%, correctly distinguished SR with PVCs.
These figures are significantly better than those achieved by Munschauer et al. in 161 subjects who palpated the pulse of two persons, one in normal SR and one in AF [9] . The achieved sensitivity and specificity to identify AF were 76% and 86%, respectively. The better results in the present study may be explained by the fact that the subjects in our study had one month of experience of regular pulse palpation. It was not a surprise that good cognitive capacity and experience of pulse palpation predicted correct identification of SR with PVCs, which was the most difficult task included in our protocol.
Importantly, the trained elderly subjects could identify AF better than healthcare personnel. A possible explanation for this is that a large share of the healthcare group consisted of nursing students with somewhat limited clinical experience. Another affecting factor is that the healthcare group, although having received identical training to the elderly subjects, lacked a month's worth of regular pulse palpation experience in comparison. Previous studies have shown that nurses recognize AF by pulse palpation with a sensitivity and specificity of 91-100% and 70-77%, respectively [10] [11] [12] [13] . These studies considered any irregularity as a positive screening test and as such their results are comparable to those achieved by the elderly in this study. Our findings highlight that even healthcare professionals require practice and tutoring to be able to reliably interpret the findings of pulse palpation.
The current recommendation for screening of AF is opportunistic pulse palpation by healthcare professionals in patients aged 65 years or older, followed by the recording of an ECG when irregularity is detected [7] . In a previous report of 14,802 subjects aged 65 years or more by Fitzmaurice et al., opportunistic and systematic screening with a single ECG recording both detected 1.6% new AF during a 12 month follow-up, while standard practice identified only 1.0% new AF [14] . However, healthcare visits by individuals are usually rare with a limited chance to catch an often paroxysmal arrhythmia, which is the main caveat of opportunistic screening. Regular self-assessment of pulse could potentially overcome this matter. The results of this study show that the elderly can reliably distinguish normal rhythm by pulse palpation and suggest that self-palpation of pulse could potentially act in a cognitively unimpaired Table 2 . The ability of the subjects to determine the correct rhythm by pulse palpation in the elderly and healthcare groups. population as a first step of a stepwise screening strategy, in which those with detected irregularity would be screened with more laborious and costly methods, such as long-term or repeated ECG monitoring. The approach of long-term regular self-monitoring of pulse for screening of AF has, however, several potential threats too. Most importantly, maintaining a regular pulse palpation habit requires considerable effort on the subjects' part unless sufficient automatism regarding the action can be promoted. Consequently, the persistence of a regular pulse palpation habit might be poor during extended time periods, rendering constructing an effective screening program difficult. Also, monitoring oneself continuously for signs of illness could feasibly cause increased anxiety and significantly lower quality of life and as such any screening program would be unethical due to causing more harm than good. A screening intervention could also significantly increase the use of healthcare services elevating financial costs substantially. The LietoAF Study, which this paper is a subanalysis of, assesses the feasibility of long-term regular pulse self-palpation in the screening of AF and was designed to address these concerns. The one-month follow-up's results have been reported previously, and during this brief time, over 80% of the subjects continued assessing their pulse regularity daily, no increase in healthcare service visits was observed and quality of life was unaffected [8] . Whether these concerns materialize during a longer time period, will be reported with the results of the full three years of follow-up of the study at a later time.
For ethical and financial reasons, any potential screening program should be targeted towards a population with risk factors of thromboembolism and who as such would benefit from oral anticoagulation medication. Another key requirement is the balance between the price of case-finding and incurred costs on society as a whole. In an approach where pulse self-palpation is used as a preliminary screening test, the majority of the costs would likely be caused by the costly follow-up tests. The approach could also elevate costs significantly by increasing healthcare contacts substantially as discussed above. However, the costs of instructing pulse-palpation would most likely be comparatively negligible, e.g. because the education could feasibly be given to larger groups at a time. Determining this matter thoroughly is important but however out of the scope of the current study and subject to further research.
Some limitations need to be addressed. The use of an artificial anatomic model as opposed to an actual human model for pulse palpation can be seen as a limitation. On the other hand, it ensures standardized and uniform circumstances for all subjects, which undoubtedly is an advantage of this study compared to the previous studies. Another limitation is the lack of physicians in the healthcare group preventing us from comparing the ability to distinguish AF between different healthcare professionals. The relative lack of clinical experience of a large share of the control group may also be a limitation. It is likely that the majority of those who could not identify AF or SR with PVCs did recognize the pulse irregularity. However, this information was not recorded, which is a limitation.
In conclusion, elderly subjects are capable of reliably distinguishing a normal rhythm, but recognizing AF as the cause of irregularity is much more difficult. Self-palpation of pulse may be a viable low-cost method for screening asymptomatic AF, but confirmatory tests are needed after a positive pulse palpation finding.
